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Abstract 
Solar collector is an important component of solar hot water system. The purpose of this research is design, fabricate and test 
thermal efficiency of the heat pipe evacuated tube with compound parabolic concentrating (CPC) solar collector. The advantage 
of this system is it produces hot water over a period of time without adjusting the direction of the CPC to track the sun. The 
thermal performance of solar collector is critically important for the end users in order to ensure the efficiency of the system. The 
testing of CPC according to ISO 9806 - 1 found that the thermal efficiency was equal to 78%. The heat loss coefficient of the 
solar collector a1 and a2 are equal to 3.55 and 0.06 W/m2-oC respectively. The mathematical model was developed to determine 
the energy production base on solar radiation and ambient temperature data of Phitsanulok province. It was found that the 
monthly average energy of the CPC produced throughout the year is equal to 286.16 kWh or equal to 3,433.87 kWh/year. 
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1. Introduction 
The commonly used of solar energy technologies in the conversion of solar energy to thermal energy is solar 
collector. There are two types of solar collectors: (1) Flat plate solar collector, this type of collector has thermal 
efficiency of about 50 - 60% which appropriate for the moderate temperature (40 - 60 ºC) applications.  (2) Heat 
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pipe evacuated tube solar collector, this type of collector can produce higher water temperature than flat plate solar 
collector (>80 ºC). The idea of this research is improving the thermal performance of heat pipe evacuated tube solar 
collector by integrated with compound parabolic concentrators (CPC). The advantage of this system is it produces 
hot water over a period of time without adjusting the direction of the CPC to track the sun. Wisut Chamsa-ard et 
al.[2] studied the effect of a compound parabolic concentrator (CPC) on thermal performance of an evacuated tube 
solar collector. The CPC was designed with acceptance half - angle (șc) 11.5º. The experiment was conducted with 3 
different evacuated tube solar hot water systems. (a) Evacuated tube solar hot water systems with 7.76 cm.-height of 
CPC (b) Evacuated tube solar hot water systems with 4.25 cm.-height of CPC and (c) Evacuated tube solar hot water 
systems without CPC. The results showed that evacuated tube solar hot water systems with 7.76 cm.-height of CPC 
has the highest energy production (1,830 kJ) which rise up water temperature from  30 ºC  to 51.9 ºC. Theeradet 
Cheewananthachai et al.[3] studied the distillation of ethanol using the compound parabolic concentrator with an 
area 2.1 m2 (2 sets). The stainless steel parabolic curves reflect light to a 0.03 m-diameter receiver pipe. The 
experiment was set up by connect solar collectors in series connection. It was found that the outlet temperature of 
ethanol from the solar collector is up to 80 ºC. 
As the literature research above, it can be seen that compound parabolic concentrators can integrate with solar 
collector to improve thermal performance of the system. Therefore, the concept of this research is integrating the 
compound parabolic concentrators with heat pipe evacuated tube solar collector that available in the market and 
testing the thermal performance of the heat pipe evacuated tube with compound parabolic concentrating solar 
collector. The results from this research can be applied in various applications as appropriate. 
 
Nomenclature 
େ Aperture Area, (m2) 
BC Parabolic Arcs (m) 
CR Concentration Ratio 
୔ Specific Heat (kJ/kg-K) 
d Pipe Diameter (m) 
୘ Solar Radiation (W/m2) 
ሶ  Water Flow Rate (kg/s) 
ܳ୳ Energy Used (W) 
r Pipe Radius (m) 
ܨோ ୐ܷ Heat Loss Coefficient (W/m2-K) 
Ʌେ Acceptance half Angle 
ܨோሺ߬ߙሻ௘ Solar Collector Absorber Coefficient  
Ti  Water Temperature Input,oC 
To  Water Temperature Output,oC 
 
2. Theoretical Approach 
2.1. Compound Parabolic Concentrator (CPC) 
Compound parabolic concentrator (CPC) is a radiation concentrator of the fixed concentrator having moderate 
temperature (100 - 300 ºC), with a solar radiation reflector intensifying more up to about 2 - 10 times without Sun 
tracker. The compound parabolic concentrator is a surface area reflecting solar radiation over a tracking 
concentrator. It can allow the model surface reflecting solar radiation.  Therefore, it is not carefully required for 
shaping much as a solar tracking. Fig. 1. and 2. show the evacuated tube solar collector with a compound parabolic 
concentrator (CPC) and solar hot water system with heat pipe evacuated tube solar collector with a compound 
parabolic concentrator (CPC). 
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Fig.1. Evacuated tube solar collector  
with compound parabolic concentrators (CPC) 
 
 
Fig. 2. Heat pipe evacuated tube solar hot water system  
with compound parabolic concentrators (CPC) 
 
Heat pipe evacuated tube with compound parabolic concentrating solar hot water system consists of a heat pipe 
evacuated tube solar collector, compound parabolic concentrator (CPC) and storage tank. The system is heated by 
solar radiation incident on the solar collector and transferred heat to the water. The water temperature is risen before 
being drawn to use. 
The concentration ratio (CR) depending on the medium between the reflector area and acceptance half - angle 
can be expressed as: 
 
ܥܴଶି஽௜௔௠௘௡௧௜௢௡ ൌ
݊
ݏ݅݊ߠ௖
 (1) 
 
The relationship of the total height of the CPC (H), focal length (f), acceptance half - angle (șc), circumference 
of the absorber (a) and tubular tube can be expressed as. [4] 
 
Total height (H): 
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Focal length (f) : 
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Equation of parabolic arcs (BC) : 
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3. Data Analysis 
In theory, the solar collector testing can be carried out in several ways, which measure the critical parameters 
and variable parameters required by the selected test standard. Beside these parameters, there are some other 
components to be considered together such as the thickness of the absorber, a number and type of covers and the 
size of the rear-side and back-side insulator of the solar collector. When FR is a factor of absorbing heat used, the 
energy that can be utilized is. 
 
ܳ௨ ൌ ܣ௖ܨோሾܵ െ ௅ܷሺ ௜ܶ െ ௔ܶሻሿ (5) 
 
Therefore, the instantaneous thermal efficiency can be obtained from 
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If ܨோ and ௅ܷ  has slightly been changed during the ܨோሺ߬ߙሻ௘ and ܨோ ௅ܷ is a parameter used to describe how the 
collector works. ܨோሺ߬ߙሻ௘ is indicator of absorbed energy  and ܨோ ௅ܷ is a term referring to the energy loss. If ௅ܷ, ܨோ 
and ሺ߬ߙሻ௘ are constant,  a graph of ܨோሺ߬ߙሻ௘ with 
ሺ்೔ି்ೌ ሻ
ீ೅
 is linear y intercept at ܨோሺ߬ߙሻ௘ and has a slope equal to 
െܨோ ௅ܷ for ௅ܷ, a function of temperature and wind speed and decreasing when the number of covers increasing, ܨோ 
slightly depends on temperature. In addition, there is a change of the ratio of direct radiation, diffuse radiation and 
reflected radiation from the ground. Information of the distributed temperature, wind speed, and angle of incidence 
changed. Although it is quite difficult, the prediction of the long-term performance can be determined from the 
intercept and slope. 
 
 
                               
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The relationship between ߟ௜ with (Ti -Ta)/GT 
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In case, the thermal performance of an evacuated tube solar collector is required.  Its instantaneous thermal 
performance can be found from the equation. 
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4. Methodology 
The heat pipe evacuated tube with compound parabolic concentrating solar collector is tested by ISO standard 
9806 – 1 to determine the collector performance. The results of the test are used to determine the energy production 
(Qcoll, Watt) of the CPC. The mathematical model was developed to determine the energy production base on solar 
radiation and ambient temperature data of Phitsanulok province. Specification of solar collector and testing methods 
can be shown as follows. 
4.1. Specification of solar collector 
x Type  : Heat pipe evacuated tube with compound parabolic concentrating 
x Size 
  Overall width : 1.80 m. 
  Overall length : 1.45 m. 
  Thickness : 0.08 m. 
  Aperture area : 2.61 m2 
x Evacuated tube : Outer diameter 47 mm. 
     Inner diameter 37 mm. 
x Acceptance half angle, ߠ௖ [2]  : 11.5ƕ 
x Angle at central pipe (ߚ) [2]   : 120ƕ 
x High (H) [2] : 7.76 cm. [2] Fig. 4. 
 
 
Fig. 4. Cross section of a heat pipe evacuated tube solar collector  
with compound parabolic concentrator 
 
4.2. Solar collector testing method 
Solar collector testing at School of Renewable Energy Technology (SERT), Naresuan University is the outdoor 
testing facility (Fig. 5. and 6.) to determine the thermal performance of the solar collector. In case of the collector is 
evacuated tube, the testing standard procedure by ISO 9806 - 1 are used to determine the collector performance 
which has required conditions as follow: 
(1) The flow rate of the fluid is constantly equal to 0.02 kg/s per one square meter of solar collector area. (For 
this test, the flow rate is 0.05 kg/s) 
7.76
14.71
0.86
4.70
3.70
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(2) The total solar radiation is not less than 800 W/m2. 
(3) Ambient temperature does not exceed 30.0 oC. (For this test, the ambient air temperature is between 28.0 - 
32.0 oC) 
(4) Water temperature at the inlet is higher than the ambient air temperature. (For this test, the water 
temperature is between 30.0 - 50.0 oC) 
Solar collector is cleaned before each test. Then start recording the ambient temperature (Ta), Input water 
temperature (Ti), Output temperature (To), Solar radiation (Gt) and water flow rate (݉௪ሶ ). All data were collected 
between 10.00 am - 2.00 pm. This is a shot term testing to evaluate the thermal efficiency of the solar collector. 
 
 
 
C: Solar Collector, C.V.: Check Valve, F: Flow Transducer, F.T.: Water Filter, Gt: Solar radiation on collector plane, HV: Hand Valve, 
L.S.: Level switch control, M: AC motor drive pump, P: Water pump, Pi: Pressure transducer inlet, Po: Pressure transducer outlet, T: 
Temperature heating control, Ta: Ambient temperature, Ti: Inlet temperature, To: Outlet temperature, W: Wind speed 
 
Fig. 5. Diagram of solar collector test system 
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Fig. 6. The solar collector test system 
 
The mathematical model was developed to determine the energy production base on solar radiation and ambient 
temperature data of Phitsanulok province (Table 1. and Fig. 7.) 
 
  Table 1. Average solar radiation and ambient temperature in each month of Phitsanulok, Thailand. [5] 
 
Month 
Solar radiation Ait temperation 
(kWh/m2/day) (oC) 
Jan 4.95 25.2 
Feb 5.66 28.3 
Mar 6.04 30.3 
Apr 6.3 30.1 
May 5.67 28.8 
Jun 5.05 27.2 
Jul 4.87 26.8 
Aug 4.66 26.4 
Sep 4.71 26.1 
Oct 4.63 24.7 
Nov 4.74 23.2 
Dec 4.81 22.7 
 
 
Input water 
Solar collector 
Ambient temperature  
sensor 
Output water 
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Fig. 7. Solar radiation (Watt/m2) [5] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Calculation Flow Chart 
 
5. Result and Discussion 
The result of thermal performance testing of heat pipe evacuated tube with compound parabolic concentrating 
solar collector according to ISO standard 9806 - 1 is shown in Fig. 9. The thermal efficiency, heat loss coefficient a1 
and heat loss coefficient a2 of the CPC are equal to 78%, 3.55 and 0.0600 W/m2-oC respectively. 
The result from mathematical modelling to determine the energy production by using solar radiation and 
ambient temperature of Phitsanulok, Thailand is shown in Table 2. and Fig. 10. The result was found that the 
monthly average energy that produced by the CPC is equal to 286.16 kWh or equal to 3,433.87 kWh/year. The 
month which has the highest energy production is March (354.80 kWh) and the lowest is on September (240.67 
kWh). 
START
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Fig. 9. Thermal performance of heat pipe evacuated tube solar collector  
with compound parabolic concentrator (CPC) 
  
 Table 2. The annual energy production of Phitsanulok, Thailand. 
 
Month Qcoll (kWh) 
Jan 308.25 
Feb 313.44 
Mar 354.80 
Apr 337.79 
May 302.60 
Jun 260.78 
Jul 261.31 
Aug 248.68 
Sep 240.67 
Oct 245.87 
Nov 265.29 
Dec 294.38 
AVG. 286.16 
 
 
 
Fig. 10. The annual energy production of Phitsanulok, Thailand. 
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6. Conclusion 
Thermal Performance Testing of Heat Pipe Evacuated Tube with Compound Parabolic Concentrating Solar 
Collector by ISO 9806 - 1was found that the thermal efficiency was equal to 78%. The heat loss coefficient of the 
solar collector a1 and a2 are equal to 3.55 and 0.06 W/m2-oC respectively. The mathematical model was developed to 
determine the energy production base on solar radiation and ambient temperature data of Phitsanulok province. It 
was found that the monthly average energy of the CPC produced throughout the year is equal to 286.16 kWh or 
equal to 3,433.87 kWh/year. 
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